Services  Technical  Information  Agency 


Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO 

Because  of  our  limited  supply,  ,*ou  .ire  requested  to 
RETURN  THIS  COPY  WHEN  IT  HAS  SERVED  YOUR  PURPOSE 


so  that  it  may  be  made  available  to  iher  requesters. 
Your  cooperation  will  be  appreciated. 


THEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
— - “7  mm  dose  OTHER  THAN  IN  CONNECTION  WITH  A DEFTHTIST  v *T” 

a*  ? procure*..'-' ji  vV ' * r:  • .. 

" i'lun  ajn i OBLIGATION  WiiATSOEVER;  AND  THU, 

NT  MAY  HAV2  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
VINOS,  SPECIF?  ATION8,  OR  OTHER  DATA  3 NOT  TO  BE  REGARDED  BY 
ION  OR  OTHEF  * TBE  AS  IN  ANY  MAIiNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
JF  CORPORATE  I,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE , 
>;i,L  ANY  PATE  ‘ PED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


DISCLAIMS!  NOTICE 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


1 ^ fZfioIect  NY  420  010.5 
. ^^Fechnical  Memorandum  M-097 

ecT  <3? 


TEST  OF  ANCHORS  FOR  MOORINGS  AND 
GROUND  TACKLE  DESIGN  IN  MUD  BOTTOM 


15  December  1954 


U.  f. 

naval 

civil 

engineering 

research 

and 

fe  ftvv 

evaluation 

laboratory 

L- ' ■ • 

port  hueneme 

California 

rr> ijct  p'M\r 


U.  S.  Naval  C ivll  Engineering  Research  and  Evaluation  Laboratory 
Port  Hueneme,  California 


Project  NY  420  010.5 
Technical  Memorandum  M-097 

TEST  OF  ANCHORS  FOR  MOORINGS  AND 
GROUND  TACKLE  DESIGN  IN  MUD  BOTTOM 

15  December  1954 

R.C.  Towne  and  J.V.  Stalcup 


SUMMARY 

The  U.S.  Naval  Civil  Engineering  Research  and  .valuation 
Laboratory  conducted  tests  in  a mud  bottom  to  determine  the  holding 
power  of  the  BuDocks-deiigned  steel,  concrete-mushroom,  and  concrete 
wedge-shaped  anchors,  and  to  compare  the  behavior  and  holding  power 
of  these  anchors  with  Those  of  the  present  type  of  srockless  anchors, 
with  and  without  stabilizers. 

Tests  were  conducted  on  Navy  stockiess  anchors,  with  and  without 
stabilizers.  Holding-power-to-cnchor-weight  ratios  in  mud  bottom  averc 
3.31  to  1 with  stabilizers  and  2.66  to  1 withou.  ..rabilizers.  It  was  con- 
cluded that  stabiliinrs  should  be  installed  on  Navy  stockless  anchors 
utilized  in  moorings  in  mud  bottoms. 

Addilional  tests  wore  made  on  BuDocks-designed  anchors.  Of 
these  the  7500-lb  concrete-steel  anchor  hod  the  largest  holding-power- 
to-anchor-weight  ratio,  2.92  to  1. 

Tests  were  also  mode  on  two  new  design  Baldt  mud  anchors  and  on 
a Croseck  anchor.  The  holding-power  ratio,  6.62  to  1,  of  the  3170-lb 
anchor  was  greater  than  that  of  the  Navy  st'  ckless  anchors  manufactured 
by  the  Baldt  Anchor  Division. 


Comparative  holding-power  tests  were  conducted  on  Lightweight 
anchors  and  Danforth  anchors.  Averoge  holding-power  ratios  were  3.18 
to  1 and  5.87  to  1,  respective'v. 

Two  anchors  using  proposed  new  design  criteria  were  designed  and 
fabricated  at  the  Laboratory.  These  provided  an  averoge  holding-power- 
to-weight  ratio  of  10.1  to  1 and  10.0  to  1,  respectively.  Maximum 
holding  power  in  mud  of  the  anchor  fluke  anglo  was  determined  to  be 
50  degrees.  It  is  recommended  that  a group  or  'family'  of  mooring 
anchors  be  developed  utilizing  the  design  criteria  obtained  from  the 
results  of  the  sand  and  mud  bottom  tests. 


PREFACE 

These  tests  are  a continuation  of  the  anchor  tests  conducted  in 
sand^  durtng  the  period  from  1948-1953.  The  sand  tests  u ..Viced  an 
effeclive  means  of  stabilizing  stockless  anchors,  established  the  fluke 
angle  for  obtaining  a maximum  holding  power  in  sand,  concurred  with 
the  validity  of  the  L3  law  for  holding  power  of  an  anchor,  and  provided 
a basis  for  the  design  criteria  of  an  improved  mooring  anchor. 

These  tests  were  made  in  order  to  establish  the  holding  power 
and  proper  fluke  angle  of  the  present  anchors  In  mud  bottom  and  to 
verify  the  proposed  anchor  design  criteria.  The  Cooperation  and  assist- 
ance furnished  by  the  San  Francisco  Navot  Shipyard,  Hunters  Paint, 
made  It  possible  to  complete  these  tests  with  a minimum  of  delay  and 
cost. 
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INTRODUCTION 


The  Bureou  o1  Ycrdi  ond  Dock)  inillcled  these  tests  ci  o meant 
of  developing  o stable  mooring  onchor  for  utilixotion  in  vettel  moorings 
end  ground  lockle  for  floating  structures  such  cs  a'rydocks,  crones  and 
barges.  The  bureau  is  responsible  for  the  design  and  constructior  of 
mooring  fecilifies  fa  protect  these  vessels  from  the  combined  forces  of 
waves,  currents,  and  winds.  Tests  we.e  to  be  conducted  in  sand,  mud, 
ond  cloy  bottoms  in  order  to  provide  sufficient  knowledge  of  anchor 
reoction  in  these  types  of  soil  to  factually  determine  their  holding  power 
and  to  permit  development  of  anchor-design  criteria. 

These  cnchor  tests,  conducted  by  the  U.S.  Naval  Civ:l  Engineer- 
ing Research  ond  Evaluation  laboratory.  Port  Hrencme,  California, 
under  Project  NY  420  010.5  wore  mode  in  the  mud  bottom  of  San 
Francisco  Bay  c»  the  Son  Francisco  Naval  Shipyard,  Hunters  Point, 
California. 


ANCHOR  TEST  APPARATUS 

The  lest  opparulus  for  mud  bottom  tests  consisted  of  two  5 by  1 2 
pontoon  barges,  used  to  corry  the  lest  equipment,  end  a 5 by  M pontoon 
warp  /ng  tug,  used  to  drop  ond  retrieve  the  cnchors.  The  test  equipment 
w as  composed  of  a 400,000-lb  ccpocity  electric  dynamometer  to  measure 
the  holding  power  of  the  cnchors  ond  o model  BU-140  Skagit  winch  with 
a six-part  line  for  dragging  the  oncho  The  winch  was  spooled  with 
2500  ft  of  1 3/8-in. -diemeter  wire  rope,  and  the  wire  rope  was  reeved 
through  sheaves  mounted  on  the  two  barges  to  form  the  six-port  line. 

One  of  the  5 by  12  pontoon  berges  was  anchored  with  two  30,000-lb 
Novy  stockless  anchors  end  the  other  barge  was  attached  to  the  test 
anchor  with  suitable  lengths  of  anchor  chain.  Figure  1 shows  a general 
view  of  the  barges  ot  Hunters  Point  during  the  tests.  In  this  view  the 
test  cnchor  is  located  beneath  the  buoy  between  tho  two  farthest  barges 
ond  the  buoy  In  the  right  foreground  locoies  one  m ;he  30.000-lh 
stockless  anchors  used  to  hold  the  barges  in  position. 
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SOU  SAMPLES 

Semples  of  tho  mud  were  toLer  in  the  path  of  the  onchor  fell 
pulls  down  lo  a depth  of  27  ft  u ''irinj  o 2-in. -diameter  Portar  sampling 
device.  A laboratory  analysis  of  Ihe  toil  wot  conducted  by  the  Twelfth 
Nova!  District  Public  Works  Offico,  Son  Bruno.  Californio.  Tettt 
performed  on  the  templet  included  e meehcniecl  cnclytit  (tee  Figures  2 
and  3),  liquid  and  plcttic  limits,  tpccific  gravity  unconfined  compression 
tettt,  and  contolidalion  data  (tee  Table  I and  Figures  4 to  9).  Uncon- 
firmed compression  ieiti  wn  performed  on  ihe  tompUt  at  their  natural 
water  content.  The  rote  of  ttroin  wet  maintained  betwoen  1/2  per  cent 
to  I 1/2  per  cent  per  minute.  The  type  of  fcilure  it  thown  in  Figure  10. 

For  the  contolidalion  tests,  the  tpeciment  taken  in  the  field  were  ploced 
in  o fixed-ring  consolidation  device,  seated  firmly,  end  iooded  in 
increments  at  shown.  Diroct  the  or  tettt  were  mode  on  the  undisturbed 
tpeciment,  as  taken  with  the  ftsrter  sampler,  in  a consolidation-quick 
condition,  at  a constant  displacement  of  .05-in.  per  minute  (see 
Figures  11,  12,  end  13).  Shear  tests  were  mode  on  samples  lokon  at 
a depth  of  22  ft  only,  bccovie  of  the  fluid  nature  of  the  material  above 
thii  depth.  Triouial  shear  data  were  obtained  by  conducting  unconsolidaied- 
urdreined  tests  on  the  samples  os  taken  with  the  Port  • scmplcr  (see 
Figure  14).  The  test  Ictcrol  pressure  wos  applied  instantaneously  and 
tho  spocimen  sheared  quickly,  using  u stressometer  of  the  proving-ring 
typo  to  register  the  shearing  tood.  Volume  changes  were  noted  during 
the  tests,  ifate  of  strain  was  equal  to  about  1 per  cent  per  minute  Geo 
Figuro  15). 

Tho  soil  contained  approximately  60-per  cent  cloy  particles  with 
62-por  cent  wolor  content,  and  the  shear  resistance  was  .41  ton  per 
sq  ft. 


ANCHOR  CHAIN  TESTS 

Test  pulls  of  the  anchor  chain  alcna  were  conducted  lo  determine 
the  resistance  of  tho  chain  drogging  through  the  mud  bottom.  The 
average  holding  power  offer  50— It  drog  of  450  ft,  260  ft,  and  270  ft 
of  2 3/4-in.  anchor  chain  wos  13.9,  11.1,  and  7.6  kips,  respectively, 
and  for  180  ft  of  1 1/2-in.  anchor  cnoiri,  1 .9  kips. 

Tho  proper  anchor  chain  lengths  for  o 0-,  6-,  or  12-deg  chain 
angle  at  the  anchor  were  obtained  by  this  formulo  presented  in  NAV- 
DOCKS  Mooring  Guide.  ^ 
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ANCHOR  AND  TEST  INFORMATION 

The  holding  pov  'rs  of  the  anchors  wero  recorded  ot  5— Fl  intervolt 
for  o dittonce  of  180  ft,  thus  providing  doto  for  plotting  o continuous 
curve  of  oncho*  holding  power.  The  rotio  of  the  holding  power  to 
anchor  weight  in  oir,  HP/wt,  « used  in  this  report,  it  token  after  the 
anchor  hot  drogged  o distance  of  50  ft.  longer  distcnces  of  drag  will 
produce  3 larger  holding  power;  however,  o dittonce  of  50  ft  h~  been 
talccted  as  the  maximum  allowable  travel  for  moorings  in  confined 
locations. 

The  vertical  force  required  to  break  the  test  anchors  loose  from 
the  mud  bottom  a«  the  end  of  ®och  lest  pull  was  measured  by  meant  of 
a strain  gage  moun'ed  on  the  warping-lug  winch  line  (see  Figure  16). 

The  depth  of  water  was  approximately  30  ft  ot  the  test  site. 

NAVY  STOCKLESS  ANCHORS,  TT-  present  Novy  stockless  anchor 
is  designed  lor  shipboard  operation  and  has  been  odopted  for  mooring 
use  without  modification.  The  1500>  3000,  6000;  10,000-,  20,000-, 
end  30,000-lb  all  steel  anchors  used  for  ter"  were  pulled  Initially  with- 
out stabilizers  Ot  o 0-deg  choii  angle  only.  Figure  17  shows  a 
typical  Navy  stockiess  anchor.  Subsequently  each  individual  anchor 
was  equipped  with  a suitable  Stabilizer  (see  Toblo  2)  and  was  retested 
ot  0-,  6-,  end  12-deg  chain  angles.  The  sieol-plato  stabilizers  wire 
designed  by  the  bureau  of  Yards  aid  fXscks  ond  hod  been  tested  pre- 
viously in  sand  bottom.'  Six  test  pulls  we-,  mode  on  eoch  anchor  at 
each  chain  angle.  Figure  18  shows  a typic.-  stabilized  anchor,  ond 
Figures  19  and  20  are  grophs  of  the  test  pulls  .vs  the  10,000-lb  anchor, 
with  and  without  stobilizers. 

Table  3 contoins  the  holding  power  of  eoch  anchor  with  ond 
without  stabilizers,  the  fluke  ongle,  the  averoge  holding  powers,  minimum 
holding  power  which  occurred  during  the  six  test  puil:,  the  holding- 
power-to-onchor-weight  rotio,  depth  of  burial  into  the  mud,  ond  the 
averoge  vertical  force  required  to  break  the  anchor,  loose  from  the 
mud  bottom.  The  lorgesf  overoge  HP/wt  rotio  ot  50  ft  was  5.60  r-s  l 
for  the  1500-lb  orchor.  The  averoge  HP/wt  ratio  at  50  ft  for  all  tin 
anchors  wos  3.31  to  1 . If  was  observed  during  the  initial  tests  on  fr-c 
stockless  onchors  that  the  holding  powers  were  not  uniform  which 
indicated  that  the  flukes  were  not  opening  properly.  A stuoy  wos 
mode  to  determine  this  effect  upon  the  holding  powers  of  the  anchors. 
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NAVY  STOCKLESS  ANCHORS  - FIXED  FLUKE.  Three  of  the 

Novy  stockiest  onchori  wore  selected  for  those  tests  in  order  lo  stud)  (he 
effect  of  the  fluke  angle  upon  the  uniformity  ond  emount  of  the  holding 
power.  The  'fluke  angle,'  01  ut*.d  in  this  report,  it  the  ongle  subtended 
between  the  thank  and  the  flukes,  when  the  flukes  ere  rotated  to  ex- 
treme open  position. 

The  anchors  used  were  the  5000-,  10,000-,  end  20,000-lb  Novy 
anchors  with  stabilizers.  The  flukes  were  fixed  ot  open  position  end 
the  onchors  were  coch  pulled  six  times  ot  0-deg  chair,  ongle.  The 
holding  power  ratios  found  during  the  previous  tests  were  increased  from 
2.65  to  1,  2.42  to  1,  ond  2.21  lo  1,  up  to  3.53  to  1,  4.88  to  1 and 
4.32  to  1,  respectively.  In  admlinn,  the  holding  powers  wire  more 
uniform  (see  Table  4).  Figures  21  to  26  ore  graphs  o'  tho  test  pulls  on 
the  enchors  with  ond  without  (ixed  flukes. 

8UDOCKS  DESIGN  ANCHORS.  Throe  steel  anchors,  a 7500-lb 
concrnto-steel..  a 1430-lb  straight-ploto,  ond  a 1430-lb  curved-plate, 
were  fabricated  at  the  Loboroto'y  for  test  Ccc  Figures  27,  28,  ond  22). 

The  7500-lb  concrete-stoel  anchor  was  lestod  at  0-,  6-,  and  12-deg 
chain  ongles  while  tho  remaining  two  onchors  wore  ,.ull«<l  at  a 0-deg 
chain  ongle  only.  Results  of  tl^se  tests  are  shown  in  Table  5.  Tho 
overage  HP/ wf  ratio  was  2.92  to  I for  tho  7500-lb  concroto-sleel 
anchor  ond  2.23  to  1,  2.44  to  l,  for  the  stroight-plato  ond  cu-ved- 
plate  anchors,  respectively.  Figures  30,  31,  and  32  ore  graphs  of  the 
test  pulls  for  the  three  anchors. 

8ALDT  DESIGN  ANCHORS.  The  Anchor,  Chain  and  Forge  Division 
of  tho  Boston  Metals  Company,  Chester,  Pe'^syivania,  furnished  three 
onchors  fo.  test,  *j  3170-lb  Boldt,  a 365C-tu  Boldt  and  a 3060-lb 
Croseck  (see  Figures  33,  34,  and  35).  These  anchors  were  pulled  at 
0-dcg  chain  ongles  only.  Initial  tests  on  the  3170-lb  Boldt  anchor 
indicated  that  the  flukes  were  not  opening  in  every  test;  therefore,  the 
chain  length  wos  shortened  to  provide  on  initial  lift  on  tho  anchor  shook, 
in  effect  opening  the  flukes.  Tho  effect  of  this  procedure  was  to 
increase  the  HP/wt  ratio  from  2.66  to  l to  6.62  to  1 . Results  of  the 
tests  oro  contained  in  Table  5. 

LIGHTWEIGHT  ANCHORS.  A 500-lb  ond  a 1000-ib  Lightweight 
anchor  were  tested  at  0-,  6-,  and  12-deg  chain  angles  for  compara- 
tive purposes  (see  Figure  36).  In  addition,  tests'^  were  made  on  2000-, 
3000-,  40Q0-,  and  10,000-lb  anchors  for  the  Bureau  of  Ships.  The 
results  are  included  in  Table  5.  The  largest  HP/wt  ratio  wos  3.90  to 
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1 for  the  3000-lb  onchor  and  Iho  average  HP/wt  ratio  was  3.18  to  1 
for  oil  the  Lightweight  anchor*.  Figure  37  it  o groph  of  the  toil  pull* 
on  the  10,000-lb  onchor. 

DANFORTH  ANCHORS.  The  Donforth  anchor*  ore  commercial 
anchor*  patented  by  Mr.  R.S.  Donforth  of  Berkeley,  California,  and 
were  loaned  to  the  Laboratory  for  comparative  te*t  purpose*.  The 
onchor*  letted  weighed  2510,  2770,  4000,  10,000,  and  12,000  lb. 

The  fluke*  of  the  anchor*  uicd  in  thete  test*  wore  fabricated  frem  tteel 
plot*  rather  than  catt  or  forged,  with  ine  exception  of  the  4000-  and 
10,000-lb  anchor*  Gee  Figure*  38,  39,  40,  and  41), 

The  anchor*  wore  pulled  at  0-,  6-,  ond  12  deg  chain  angle* 
with  the  exception  of  the  165-lb  onchor  which  woi  pulled  ot  0-deg 
chain  angle  only.  Test  roiultt  ore  contained  in  Tcblo  6.  The  largest 
HP/wt  ratio  was  9.92  to  1 fit  *Ho  2770-lb  onchor  and  the  average  HP/wt 
rotio  for  all  the  Danforth  anchor*  wai  5.87  to  1 . Figure  42  it  o groph 
of  the  te»t  pull*  on  the  10,000-lb  onchor. 

FLUKE- ANGLE  TESTS.  Those  teit*  were  conductod  in  order  to 
establish  tho  fluke  angle  which  would  prov'  'e  the  maximum  holding 
power  for  any  anchor  in  mud  bottom.  The  2770-lb  Danforth  anchor 
was  utilized  in  thete  tett*  becoute  it*  contraction  permitted  the  fluke 
angle  to  bo  reodily  varied  to  lorgo  angles  os  it  wa*  anticipated  that  a 
larger  fluke  angle  would  be  estobliihod  for  mud  bottom  than  wot  found 
for  tand  bottom. 

The  onchor  woi  tetlcd  at  o 0-dcg  choin  angle  with  fluke  ongle* 
of  45,  50,  55,  60,  70,  and  80  deg.  Figure  43  it  a graph  of  the  !e*t 
result*.  The  maximum  holding  pow  wo*  found  to  occur  ot  a fluke 
angle  of  50  dog.  The  HP/wt  ro'io  at  thi*  fluke  angle  wot  20.5  to  1 . 

This  ratio  it  excessive  fnr  mud  bottoms  a*  explained  in  tho  Discussion 
Section. 

PROPOSED  MOORING  ANCHOR  DESIGN.  The  Laboratory 
fabricated  two  anchors,  designed  on  the  basis  of  the  te*t  results  of  the 
mud  and  sand  bot.-om  te»ts.  The  firs*  anchor,  weighing  1620  lb  was 
fabricated  rrom  steel  plate,  with  movabl , flukes  opening  to  a 60-deg 
fluke  angle,  round  stock  stabilizers,  r.nd  a large-area  tripping  plate 
attached  to  the  flukes  Gee  Figure  44),  This  anchor  was  pulled  at  0-, 
and  6-deg  chain  angles  and  the  HP/wt  rotio  was  8.51  to  1 and  7.69 
to  1,  respectively.  The  fluke  angle  was  changed  »o  53  deg  ond  re- 
tested at  a 0-deg  chain  angle  and  the  HP/wt  ratio  was  10.1  to  1 . 
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The  "'ukes  of  the  2900-lb  onchor  were  fobricated  with  o double 
thickne-.s  of  plate  in  order  to  increase  tbe  weight  at  thii  point  and  tend 
to  drop  the  flukes  into  'he  mud  upon  initial  letting.  The  shank  woi  o 
box  section  formed  from  plate  to  .soke  the  shank  lighter  so  os  to  tend 
to  raise  it  upon  initial  setting  in  the  mud.  The  fluke  angle  was  50  deg 
Gee  Figure  45).  The  anchor  was  pulled  at  a Q-dcg  chain  angle  only 
and  the  H?/wt  ratio  was  10.0  So  I . Figure  46  is  a graph  of  the  test 
results  on  the  2900-lb  onchor.  Results  of  the  tests  on  both  anchors  are 
contained  in  Table  6. 

CONCRETE  ANCHORS.  The  concrete  anchors,  built  in  accord- 
ance with  the  Bureau  of  Yards  and  Docks  instructions,  consisted  of  one 
!0, 500-lb  wedge  type  (Figure  47),  one  10,500-lb  mushroom  type 
(Figure  48),  and  four  2500-lb  mushroom  type  (Figure  49). 

The  two  10,500-lb  anchors  orsd  the  four  2500-lb  onchon  were  oil 
tested'*  at  0-,  and  6-deg  chain  angles  immediately  offer  setting,  and 
ot  0-deg  chain  angle  after  setting  24  hours  and  after  sotting  in  the  mud 
14  days.  The  four  2500-ib  onchors  were  pulled  in  tandem,  close- 
coupled. 

Results  of  the  tests  ore  contained  in  Toblo  7.  The  10,500-lb 
wedge  and  mushroom  onchors  each  hod  a HP/wt  refio  of  1 . 18  to  1 after 
setting  14  days  os  compared  to  a HP/wt  ratio  of  .88  to  1 when  putlod 
immediately  after  setting. 


DISCUSSION 

The  fixed-fluke  type  of  onchor  has  on  .Jvontoge  over  movoblo 
fluke  anchors  when  operating  in  mud  bottom  os  no  tripping  device  is 
required  for  the  flukes,  hbwever,  because  of  the  fixed  position  of  the 
flukes,  it  is  necessary  to  lower  the  anchor  to  the  bottom  with  the 
flukes  pointed  down,  insteod  of  simply  dropping  the  anchor  overboard, 
lowering  the  anchor  requires  odditioncl  equipment  such  as  a borge 
crane  or  warping  tug  that  may  on*  nlwoys  be  available. 

It  was  apparent  during  the  tests  on  the  Navy  steel  onchors  that 
the  flukes  were  not  opening  properly  in  every  test  os  the  moximum  ond 
minimum  holding  powers  varied  considerably  for  the  six  test  pulls.  The 
effect  of  the  stebilizers  on  the  emount  of  onchor  holding  power  could 
not  be  determined  accurately  due  to  this  inability  of  the  Navy  ,fockless 
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onchors  to  dig  inlo  the  mod  on  every  poll;  however,  it  oppeorcd  likely 
from  the  data  that  the  increase  in  holding  power  due  to  the  addition  of 
srobilizers  wcs  approximately  25  per  cent.  The  stabilizer  area  cmounted 
to  on  average  of  £0  per  -ent  of  the  flokr  area  for  eoch  onchor.  There 
oppeared  to  be  an  insofficient  area  in  the  fluke  tripping  plater  to  tilt 
the  flukes  and  start  them  info  the  mod.  By  shortening  the  chain  length 
and  thus  providing  as  initial  lift  on  the  shank,  the  flukes  tended  to 
bury  more  consistently  and  by  chongii>g  the  chain  angle  to  6 deg  the  ini- 
tial holding  power  actually  increased  in  some  instances.  However, 
the  final  holding  power  then  would  decrease  due  to  the  shorter  chain 
length  and  the  flukes  were  still  not  successfully  tripped  in  every  test. 

This  was  apparent  when  the  fluke  angles  of  the  anchors  were  fixed  in 
open  position  and  the  holding  powers  were  increased  and  were  more 
uniform  (refer  to  Figures  21,  22,  and  23). 

The  anchor  flukes  are  forced  upward  due  to  the  vertical  reaction 
of  the  mud  against  the  bottom  area  of  the  flukes  as  they  settled  through 
the  toft  mud.  Therefore  a tripping  plate  with  sufficient  areo  to  over- 
come this  mud  reaction  against  the  flukes  must  be  provided  or  the 
anchor  will  skid  along  with  the  flukes  in  a raised  position. 

Because  of  the  decreaso  in  amount  of  shear  resistance  in  the  mud 
bottom  as  compared  with  sand  bottom,  lets  force  is  required  to  bury  rhe 
anchor  and,  therefore,  the  fluke  angle  may  be  larger.  This  wnt  re- 
flected in  the  fluke  angle  tests  which  indicated  a fluke  angle  of  50  deg 
would  provide  the  largest  holding  power  compored  to  a 35-deg  fluke 
angle  for  o sand  bottom.  The  fluke  cngle  may  bo  varied  from  50  dog 
to  35  deg  simply  by  fabricating  the  anchor  with  the  larger  angle  and 
inserting  a wgdge  between  the  shonk  and  the  stop  to  reduce  the  angle. 

The  soil  of  the  test  site  was  termed  'mud*  becauso  of  the  large 
water  content  In  the  silty  cloy  material  that  produced  o low  shear  value. 
Kbwever,  the  mechanical  composition  of  the  soil  showed  60  per  cent 
clay  content  and  this  indicated  that  ot  o certain  depth,  approximately 
22  ft,  the  material  would  be  firmer  and  would  result  in  much  larger 
holding  powers  comparob'e  to  those  of  a 'cloy1  bottom.  This  was 
apparent  in  the  tests  with  two  Laboratory  anchors,  the  277'0-lb  Danforth 
onchor  and  the  3l70-!b  Baldt  anchor.  The  design  of  these  onchors 
enabled  them  to  bury  themselves  to  a considerable  depth,  as  much  as 
24  ft  for  the  2900-lb  Laboratory  onchor  and,  therefore,  the  resulting 
holding  powers  are  not  to  be  compored  in  she  strict  sense  with  S.tud* 
bottom  holding  powers.  However,  the  cbility  of  onchors  of  this  design 
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to  penetrate  soft  mod  layers  end  to  bury  into  firmer  underlying  strata 
are  additional  advantages  as  the  holding  power  is  dependent  upon  the 
moment  of  the  projected  fluke  area  plus  the  stabilizer  area  about  the 
ground  surface.  Figure  50  is  r graph  of  the  test  results  showing  this 
relationship. 


CONCLUSIONS 

The  following  conclusions  are  based  on  results  of  tests  conducted 
In  mud  end  sand  bottoms.  They  do  not  cpp!>  to  the  anchors  tested  here 
nor  to  similar  cnchors  under  dissimilar  bottoms  such  as  marl  or  rock. 

The  Navy  -.tockless  anchor  may  be  prevented  from  rotating  by 
oddition  of  the  BuDocks-designed  steel-plate  stabilizer  welded  in  a 
position  normal  to  the  flukes.  This  stabilizer  will  provido  a more  uniform 
holding  power  for  the  anchor  and  will  increase  the  holding  power  in 
mud  bottoms  slightly  and  approximately  10  per  cent  in  rand.  Stabilizers 
are  required  in  mud  after  the  anchors  hovo  buried  sufficiently  to  en- 
counter a soil  reaction  that  produces  a rotational  torque  on  the  anchor. 

Changing  the  fluke  angle  from  35  deg  to  50  aeg  increased  the 
holding  power  approximately  100  per  cent. 

The  ratio  of  holding  power  to  woight  of  the  7500-lb  concretc- 
sleol  anchor,  2.92  to  1,  is  comparable  to  the  ratio  for  tho  stabilized 
Navy  steel  cnchors  in  mud,  3.31  to  I . These  similar  ratios  aro  due  to 
the  small  fluke  angle,  28  deg,  on  the  7500-lb  onchor.  The  fixed 
position  of  the  shank  on  the  7500-lb  anchor  would  be  a marked  dis- 
advantage if  the  onchor  was  to  be  utilized  both  mud  and  sand  bottoms. 

The  breok-out  forces  for  the  Laboratory  ond  Danforth  anchors 
were  larger  than  for  the  stockless  anchors  because  of  the  additional 
depth  of  burial . The  break-out  forco  tended  to  vary  directly  with  the 
final  holding  powers. 

The  anchors  having  relatively  long  thin  flukes  and  least  restric- 
tion to  burial,  such  as  the  Laboratory,  new  Baldt,  Croscck,  Danforth 
and  Lightweight  anchors,  produced  the  larger  HP/wt  ratios. 

Fixing  the  flukes  of  the  steel  Navy  anchors  in  on  open  position 
increases  the  holding  power  but  requires  the  cnchor  to  be  initially 
set  in  an  upright  position. 
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Design  criteria  for  a mooring  anchor  operating  in  a mod  bottom 
ai  determined  from  these  tests  would  be  at  follows: 

a.  Light**. >ghl,  fabricated  from  tteel  plate. 

b.  Txa  flukes  which  con  rotate  to  a 50-deg  angle  from 
the  thank.  Fluke  area  of  the  anchor  to  be  dependent 
upon  the  required  holding  power.  Length  and  width 

of  the  flukes  to  be  proportioned  to  produce  the  maximum 
moment  or  !<olding  power. 

c.  A fluke  tripping  plate  of  sufficient  area  and  slope  to 
overcome  the  resistance  of  the  muo'  on  the  lower  tide 
of  the  Hukes  upon  initial  setting. 

d.  Obstruction  to  anchor  burial  to  be  restricted  to  o 
minimum. 

e.  Adequate-size  stobilizert  to  prevent  rotation  of  the 
anchor. 


RECOMMENDATIONS 

It  is  recommended  that  stabilizers  be  dded  to  Navy  stockiest 
anchors  which  are  to  be  used  in  moorings  or  ground  tackle  in  a mud 
bottom. 

Because  of  the  size  of  the  stabilizers  and  the  added  shipping 
cubage  involved,  the  stobilizert  should  be  stored  and  thippod  as 
separate  items  from  the  anchors. 

It  is  recommended  thot  a group  or  'family*  of  low-cost,  light- 
weight mooring  anchors  be  devolope..  ro  cover  the  entire  range  of 
required  holding  powers. 

Design  criteria  for  these  mooring  anchors  should  bo  based  on  the 
results  of  the  send  ond  mud  bottom  tests. 
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TABLE  1 . Soil  AnnKtis  Data 


Hole 

No. 

Samplt 

No. 

Elov. 

depth 

Unit  weight 
(dry  Ib/eu  ft) 

Moist  content 
(%  dry  weight) 

Unconfined  compression 
(ton/sq  ft) 

1 

4 

72 

99.6 

collapsed  under  own  wt 

5 

73 

94.7 

collapsed  under  own  wt 

10 

77 

47.1 

toll  opted  under  own  wt 

15 

74 

73.7 

.0732 

15.5 

75 

68.8 

.0488 

16 

75 

69.0 

.0732 

20 

75 

76.1 

.0488 

8 

20.5 

75 

82.6 

.0793 

9 

21 

75 

70.0 

.0976 

10 

24 

75 

71.1 

.0975 

11 

24.5 

76 

69.6 

.1219 

12 

25 

76 

74.6 

.1077 

2 

1 

5 

72 

105.6 

collapsed  under  own  wt 

2 

9 

72 

129.3 

.0244 

3 

9.5 

74 

81.8 

.0317 

4 

10 

74 

75  •> 

.0366 

5 

14 

73 

77.2 

.0427 

6 

14.5 

74 

81.5 

.0390 

7 

15 

75 

78.3 

.0427 

8 

19.5 

74 

81.5 

.0367 

mm 

20 

75 

1 

.0402 

SB 

24.5 

75 

9 

.0390 

ii 

25 

75 

.0975 

3 

i 

21.5 

73 

103.0 

collapsed  under  own  wt 

2 

22 

74 

90.9 

collapsed  under  own  wt 

22.5 

74 

102.8 

collapsed  under  own  wt 

23 

75 

collapsed  under  own  wt 

23.5 

76 

77.9 

.0244 

24 

74 

91.1 

collopsod 

24.5 

75 

81.8 

.0293 

8 

25 

73 

78.1 

.0220 

■X 

25.5 

74 

79.4 

.0242 

HI 

26 

75 

82.5 

.0348 
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TABLE  2.  Anchor  Sfcbilizcrj 


1 

Anchor 

Wt 

Ob) 

Stabilizes 

length 

width 

thickneu 

Navy  Hoc  Lieu 

1500 

21 

6 

1/2 

Novy  jlockleu 

3000 

30 

13 

1/2 

Navy  jlockleu 

2000 

42 

16 

1/2 

Novy  jlockleu 

100  DO 

3.' 

19 

3/4 

Novy  tlocklejj 

20000 

45 

21 

1 

Navy  jlockleu 

30000 

50 

23 

1 

Den  forth 

2510 

51.5 

4 1/2  round 

Dan  forth 

2770 

51.5 

4 1/2  round 

Don  forth 

■<000 

56 

5 round 

Donforlh 

10000 

62.5 

5 1/2  round 

Donforth 

12000 

R2.0 

10  round 

Laboratory 

1620 

36 

3 1/2  round 

Laboratory 

2900 

48 

3 1/2  round 

Concrote-ileel 

7500 

30 

12 

1 

Baldt 

3170 

18 

29 

3 

Bold! 

3650 

15 

3 round 

Croteck 

3060 

24 

4 1/2  round 

BuDockj  'jtraight' 

1430 

18 

9 

1 

BoDockj  'curved' 

1430 

24 

9 

1 

Lightweight 

500 

23 

2 round 

Lightweight 

1000 

29 

2 1/2  round 

Lightweight 

2000 

36 

3 round 

Lightweight 

3000 

46 

3 1/2  round 

Lightweight 

4000 

46 

4 1/4  round 

Lightweight 

10000 

56 

5 1/2  round 

TABLE  3.  Holding  Power  Dote  of  Navy  Stockleu  Anchor*  Totted  in  h*«>d  Bottom 
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MECHANICAL  ANALYSIS 


Figure  3.  Mechanical  analysis  of  soil  at  test  site 


Fijjure  5.  Soil  onolyjii 
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Figure  6.  Soil  oiwiysis 
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Figure  7.  Soil  analysi: 


N->irool  itren  (ton/ft^) 
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figuro  12.  Direct  iheor  te»t  of  toil 
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Fijuro  13.  Direct  shear  test  of  soil 


Anchor  trove!  (ft) 

Figure  20.  Groph  of  test  pulls  on  10,000-lb  Navy  steel  anchor  with  stobilizors 
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Figure  21.  Graph  of  te*t  pull*  on  6000-lb  Navy  ifeel  anchor  with  fixed  flute* 
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Ftgoro  23.  Groph  of  toil  pull*  on  20,000-lb  Navy  iteel  anchor  with  fixed  fluke* 
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Figure  24.  Graph  of  lest  pulli  on  6000-lb  Novy  steel  anchor  with  movable  flukes 


»lc«l  anchor  wifh  movable  fluket 
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Figure  30.  Graph  of  teii  pul'»  >n  7500-lb  concrete  ileel  onchor 
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Figure  32.  Graph  of  te»r  pulli  on  1430-lb  curvcd-plote  anchor 
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Figire  42.  Graph  of  feif  pullj  on  10, 000-lb  Donforth  anchor 
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Figure  46.  Groph  of  teit  pull»  on  2900-lb  mooring  anchor 


Figure  49.  2500-lb  concrete  mushroom  one  Son 
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rigyro  50.  Holding  powor  v»  moment  of  fluke  oroo 
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